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LIGHTING DEVICE AND PROJECTION
DISPLAY APPARATUS

BACKGROUND
1. Field of the Invention

The present disclosure relates to a lighting device using a
phosphor, and a projection display apparatus using the
lighting device as a light source.

2. Description of the Related Art

Patent Literature 1 (Unexamined Japanese Patent Publi-
cation No. 2012-129135) discloses that the directivity of
light emission 1s controlled by blocking the gaps between
divided phosphors with light absorbing materials. When the
light emission mtensity estimated for 1llumination or the like
1s used, however, the light absorbing materials generate a
remarkably large amount of heat. This method 1s not prac-
tical 1n consideration of the temperature quenching charac-
teristic of phosphors. Patent Literature 2 (Unexamined Japa-
nese Patent Publication No. 2013-102078) discloses a
technology 1n which a more effective wall 1s disposed on the
interface between phosphors and this wall 1s used as a metal
reflective face. Also 1n this technology, the interface between
adjacent phosphors has a specific property. Furthermore,
metals having different thermal expansions are disposed on
the interface, so that the reliability 1s reduced.

In either technology, different materials are disposed
between phosphors and the excitation light entering the
maternals 1s wasted. Therefore, the efliciency 1s obviously
reduced.

SUMMARY

A lighting device capable of achieving a high reliability at
which a delamination fracture does not occur even when a
phosphor has received strong excitation energy 1s provided.

A lighting device of the present disclosure includes: an
excitation light source; a phosphor for receiving an excita-
tion light from the excitation light source and emitting a
fluorescent light; a spreader for supporting the phosphor;
and a reflective layer disposed between the phosphor and the
spreader and retlecting the fluorescent light. The phosphor 1s
a plurality of phosphor pieces disposed to be adjacent to
cach other and having the same characteristic.

A highting device of the present disclosure can achieve a
high reliability at which a delamination fracture does not
occur even when a phosphor has received strong excitation
energy.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing a projection display appa-
ratus using a phosphor wheel device 1 accordance with a

first exemplary embodiment;
FIG. 2 1s a diagram showing the phosphor wheel device;
FIG. 3 1s a diagram showing a projection display appa-
ratus using a fixed phosphor device 1n accordance with a

second exemplary embodiment; and
FIG. 4 1s a diagram showing the fixed phosphor device.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Hereinafter, exemplary embodiments are described in
detail appropnately with reference to the accompanying
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2

drawings. Here, unnecessarily detailed descriptions are
sometimes omitted. For example, the detailed descriptions

of well-known 1tems or the redundant descriptions of sub-
stantially the same configuration are sometimes omitted.
The objective of the omission 1s to avoid unnecessary
redundancy of the following descriptions and to allow
persons skilled in the art to easily understand the present
disclosure.

The accompanying drawings and the following descrip-
tions are provided to allow the persons skilled 1n the art to
suiliciently understand the present disclosure. The drawings
and descriptions are not intended to restrict the subjects
described 1n the claims.

First Exemplary Embodiment

Heremaftter, a first exemplary embodiment 1s described
with reference to FIG. 1 and FIG. 2. FIG. 1 1s a diagram
showing projection display apparatus 10 that uses, as a light
source, phosphor lighting device 100 including phosphor
wheel device 118. FIG. 2 1s a diagram showing phosphor
wheel device 118, FIG. 2(a) 1s a front view of phosphor
wheel device 118, and FIG. 2(b) 1s a side view of phosphor
wheel device 118. Here, the hatching 1n FIG. 2 allows the
configuration to be understood, and does not show the cross
section.

In FIG. 1, blue laser diode units 101a and 1015 for light
sources 1nclude: a plurality of blue laser diodes; and colli-
mating lenses disposed on the outgoing side correspond-
ingly to the lasers. Laser beams can be output so as to
suppress the spread of them. Here, blue laser diode units
101a and 1015 are examples of excitation light sources.

Blue laser beams coming from blue laser diode unit 1014
enter mirror 102 having a partial opening. After entering the
mirror, a part of the light 1s radiated 1n the +X direction
through an opening of mirror 102 having the partial opening,
and the remaining light enters a reflective portion and 1is
reflected in the +Y direction. The light coming from blue
laser diode umt 1015 also enters mirror 102 having the
partial opening. After entering the mirror, stmilarly, a part of
the light 1s radiated in the +Y direction through the opening
of mirror 102 having the partial opening, and the remaining
light enters the reflective portion and 1s reflected 1n the +X
direction. The opening shape of mirror 102 having the
partial opening 1s designed so that the quantity of the light
travelling 1n the +Y direction 1s greater than the quantity of
the light travelling in the +X direction, of the light coming
from each of blue laser diode units 101a¢ and 1015.

The blue-color light that has been radiated in the +X
direction 1s collected by lens 103, is reflected by mirror 104,
and then 1s collected to the proximity of diffuser 105. Then,
the light enters condenser lens 106, becomes a substantially
parallel light, and enters dichroic mirror 107. Dichroic
mirror 107 has a property of allowing blue-color light to pass
through 1t and reflecting color lights of the other color. Blue
laser beams include blue-color light, so that the blue laser
beams pass through dichroic mirror 107. After dichroic
mirror 107, the blue laser beams pass through lens 108,
mirror 109, and lens 110, and are collected to the incident
face of rod integrator 111 having a rectangular opening.

The light that has travelled 1n the +Y direction through
mirror 102 having the partial opening 1s focused by lens 112
and lens 113, and 1s radiated to diffuser 115. Here, lens 112
and lens 113 constitute an a focal system on both sides of
mirror 114. The blue laser beams that have been radiated to
diffuser 115 are diffused by it, pass through dichroic mirror
107, and then enter condenser lenses 116 and 117. After
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condenser lenses 116 and 117, the blue laser beams come as
excitation light into phosphor 119 of phosphor wheel device
118.

As shown 1n FIG. 2, 1n phosphor 119 of phosphor wheel
device 118, phosphor pieces 119q to 119/ having the same
characteristic are disposed close to each other at butted
portions. In the butted portions, the cross sections (faces
perpendicular to the paper plane) of the phosphor pieces are
butted against each other. These phosphor pieces constitute
a ceramic phosphor made of a YAG phosphor, and have a
characteristic of emitting yellow-color light upon recewmg
the excitation light. On the surfaces of the phosphor pieces
that are reverse to the excitation light incident face, reflec-
tive layer 120 1s formed which has a property of reflecting
the light having a wavelength (fluorescent wavelength) of
fluorescent light. Reflective layer 120 1s formed on a surface
of spreader 121 that 1s made of a material having a high
thermal conductivity, and 1s fixed to the spreader 121 via a
light-transmitting adhesive layer 122. Here, adhesive layer
122 1s disposed between reflective layer 120 and spreader
121.

Spreader 121 1s generally called a heat spreader, and
spreader 121 of the present exemplary embodiment has a
disk shape. On the face of the reflective layer formed in the
spreader, a plurality of phosphor pieces 1194 to 119/ are
adjacently disposed so as to form an annular shape 1n the
circumierential direction. Motor 123 i1s disposed in the
center of the spreader so that the spreader can rotate.

When the blue laser beams have entered the phosphor, the
blue laser beams are converted 1nto yellow-color light, are
reflected by the reflective layer existing on the back side, and
are radiated to the condenser lens 117 side. The yellow-color
light passes through condenser lens 117, passes through
condenser lens 116, and enters dichroic mirror 107. The
yellow-color light 1s reflected by this mirror, passes through
lens 108, mirror 109, and lens 110, and 1s collected to the
incident face of rod integrator 111 having a rectangular
opening. This behavior 1s similar to the blue laser beams
(blue-color light) that have passed through dichroic mirror
107. As a result, the blue-color light of the laser light source
1s superimposed on the yellow-color light of the fluorescent
light, thereby producing white-color light.

The light outgoing from rod integrator 111 passes through
relay lenses 124 and 125, 1s reflected by retlection mirror
126, passes through field lens 127, and then enters total
internal reflection prism 128. Total internal reflection prism
128 1s formed by fixing first prism 129 to second prism 130
while keeping a slight gap. The light having entered total
internal reflection prism 128 1s totally reflected by face 131,
and comes 1to color prism unit 133 through face 132.

Color prism unit 133 1s formed by bonding and fixing the
tollowing prisms to each other:

first prism 135 including dichroic mirror face 134 having

a property of reflecting blue-color light;

second prism 137 including dichroic mirror face 136

having a property of reflecting red-color light; and

third prism 138.

End faces of respective prisms include digital micro-mirror
devices (DMDs) 139R, 139G, and 139B as shown in FIG. 1.
In these DMDs, very small mirrors corresponding to pixels
are disposed two-dimensionally, and the falling directions
are controlled in two directions 1n response to an image
signal from the outside. At the falling angle during the ON
signal, the reflected light having been reflected by a very
small mirror returns to color prism unit 133 at an incident
angle of V During the OFF signal, the retlected light enters
color prism unit 133 again at a wide angle. DMD 139B 1s
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used for blue light modulation, DMD 139R 1s used for red
light modulation, and DMD 139G 1s used for green light
modulation. Thus, the DMDs are examples of an image
display element that modulates the light outgoing from
phosphor lighting device 100 1n response to the 1mage signal
and generates 1mage light.

Color light corresponding to the ON signal 1n the pixel of
each of DMDs 139R, 139G, and 139B achieves color
display in the following processes:

the color light returns to color prism unit 133 again;

the color light passes through first prism 129 and second

prism 130 of total internal reflection prism 128, and
then enters projection lens 140; and

the projection lens enlarges and projects, on a screen (not

shown), the 1image light generated by the DMDs.

There 1s a possibility that a slight gap occurs 1n the butted
portions between phosphor pieces 119a to 119/, but the
shape of the gap 1s not projected. That 1s because there 1s not
a conjugate relationship between the surface of phosphor
119 on which a spot pattern of the excitation light 1s formed
and the screen face on which the image light 1s projected.
However, the possibility of causing a slight reduction in the
output of fluorescent light cannot be denied. Therefore,
when the reduction 1s not allowed, rotation detection sensor
141 for detecting the rotation position of the disk-shaped
spreader 1s disposed 1n the phosphor wheel device, or the
motor itself 1s made to have a rotation position detection
function. Furthermore, by synchronizing the rotation timing
of the spreader with the output of the excitation light or the
control by the image signal, a slight luminance change can
be also corrected.

Thus, rotation detection sensor 141 1s one example of a
detector for detecting the rotation positions of the butted
portions between the plurality of phosphor pieces on the
disk-shaped spreader. Phosphor lighting device 100 has a
function of changing the output of the image display to
suppress the luminance change at timings at which the
incident excitation light arrives at the butted portions
between the phosphor pieces. In order to change the output
of the image display to suppress the luminance change of the
image light, at timings at which the incident excitation light
arrives at the butted portions between the phosphor pieces,
for example, the following process may be performed:

the output of yellow-color light as the fluorescent light 1s

corrected by increasing the output of the excitation
light; or

control for emphasizing the yellow color in the control of

the 1mage signal 1s performed.

Lights coming 1nto phosphor pieces 119q to 119/ have a
high energy. The conversion efliciency of the phosphor 1s
about 50%, so that a half of the incident energy becomes
heat. The thermal expansion coetlicient of the YAG phos-
phor is 4x107°1° C., and the thermal expansion coeflicient
produced when the spreader 1s made of an aluminum mate-
rial is 24.5x107°1° C. Therefore, when the temperature
increases, a strain can occur to cause peeling between the
phosphor and the spreader that are bonded to each other.
When the phosphor 1s formed of the plurality of phosphor
pieces 119a to 1192 as shown 1n the present exemplary
embodiment, the following advantage 1s produced:

even when the temperature increases, the gaps between

phosphor pieces 119a to 119/ slightly increase, the
stress 1s released, and destruction 1s not caused.
It 1s desirable that the number of phosphor pieces 1s deter-
mined on the basis of the temperature increase and the
difference between thermal expansion coeflicients of mate-
rials. Furthermore, the gaps between the phosphor pieces
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slightly decrease the conversion etliciency of the incident
light, but do not aflect the final video 1image. That 1s because
the excitation light coming into the phosphor 1s spot light
having a certain area.

In the above mentioned configuration, phosphor pieces
1194 to 119/ are fixed to spreader 121 via adhesive layer
122, and, actually, the thermal conductivity often decreases
in this adhesive layer part. In the configuration where a
stress strain 1s easily released as discussed above, however,
the adhesive layer does not require a stress absorption
function and hence can be formed 1n an extremely thin
shape. In this configuration, the reflective layer, the adhesive
layer, and the spreader are disposed 1n this sequence from
the phosphor side. When the adhesive layer 1s made of a
light-transmitting maternial and is transparent, however, the
sequence of the retlective layer and the adhesive layer can be
changed. When the adhesive layer has a reflective charac-
teristic, a reflective layer 1s not required separately. There-
fore, an adhesive layer that has a retlective characteristic and
1s formed by adding a reflective material to a light-trans-
mitting adhesive may be employed without separately using,
the retlective layer and the adhesive layer.

Furthermore, spreader 121 1s made of an aluminum mate-
rial i this case, but spreader 121 may be made of a
thermally conductive metal having a high thermal conduc-
tivity, such as a copper material.

Furthermore, 1t 1s desirable that spreader 121 1s made of
ceramic (silicon carbide or silicon mitride), which 1s a
material having a high thermal conductivity and a thermal
expansion coeflicient close to that of the phosphor. The
thermal expansion coeflicients of both compounds are
equivalent to that of the phosphor, but the silicon carbide 1s
more preferable because 1t has a thermal conductivity close
to that of aluminum. These compounds can suppress the
occurrence of stress due to the difference 1n thermal expan-
sion coellicient between the spreader and the phosphor.
Theretore, the thickness of adhesive layer 122 for bonding
the phosphor pieces to the spreader can be suppressed. This
suppression reduces the temperature increase of the phos-
phor having been irradiated with the excitation light.
Depending on the operating temperature limit, the process-
ing can be performed even by means of diffusion bonding or
the like that does not require an adhesive layer. In the
diffusion bonding, the bonding 1s performed by diffusion of
atoms 1n the material in accordance with the pressure and
temperature. Therefore, differently from the case of using an
adhesive, the thermal conductivity 1s not adversely aflected,
and a more excellent heat-dissipation structure can be
achieved. In the case that the phosphor can be directly
formed on the ceramic spreader—even when the phosphor 1s
made of an inorganic material—, the phosphor can be
certainly produced without using a bonding and adhesive
means such as the diffusion bonding. In such manner, the
phosphor pieces can be fixed to the spreader via the reflec-
tive layer by diffusion bonding.

During the adhesion, the phosphor pieces can be fixed to
cach other by, not only using an adhesive, but also using
soldering or silver brazing in which a stress release eflect

cannot be expected.

Phosphor lighting device 100 can be formed as a lighting
device and can generate white-color light, so that phosphor
lighting device 100 can be applicable to not only a projection
display apparatus but also general lighting. In phosphor
lighting device 100, especially, the configuration of phos-
phor wheel device 118 1s distinctive, and 1s not limited to the
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optical path of the excitation light and 1s not limited to the
configuration range from the phosphor wheel device to the

rod integrator.

In this case, phosphor 119 1s formed by arranging a
plurality of phosphor pieces having the same characteristic
on disk-like spreader 121. In the case of the projection
display apparatus of color-displaying an image light 1n a
time division for example, however, two or three types of
phosphor for emitting diflerent color lights can be arranged
on the disk-like spreader 121. In this case, the eflect equiva-
lent to the above-mentioned eflect can be produced also by
forming the phosphor of each color light as an aggregate of
a plurality of phosphor pieces as discussed above.

Furthermore, in order to generate an outgoing light of a
high output, a lighting device can be configured 1n which
two phosphor wheel devices are disposed, the heat load 1s
dispersed, and fluorescent light 1s optically synthesized. Also
in this case, when the excitation light comes 1nto the butted
portions of the phosphor pieces as discussed above, there 1s
a possibility that the output of the fluorescent light slightly
decreases. In the case of using a plurality of phosphor wheel
devices each of which includes a disk-like spreader having
a plurality of annularly arranged phosphor pieces, the detec-
tion of the output reduction of the tfluorescent light can be
suppressed by the following process:

the rotation of the spreader 1s controlled so that the

timings at which excitation lights come into the butted
portions of the phosphor pieces change between the
phosphor wheel devices.

Second Exemplary Embodiment

Hereinafiter, a second exemplary embodiment 1s described
with reference to FIG. 3 and FIG. 4. FIG. 3 1s a diagram
showing projection display apparatus 20 using phosphor
lighting device 200 having fixed phosphor device 201. FIG.
4 1s a diagram showing fixed phosphor device 201. FI1G. 4(a)
1s a front view of fixed phosphor device 201, and FIG. 4())
1s a side view of fixed phosphor device 201. Here, the
hatching 1n FIG. 3 and FIG. 4 allows the configuration to be
understood, and does not show the cross section.

FIG. 3 1s obtained by replacing phosphor wheel device
118 of FIG. 1 with fixed phosphor device 201, so that the
descriptions of the optical configuration other than the fixed
phosphor device are omitted.

As shown 1n FIG. 4, in phosphor 202 of fixed phosphor
device 201, the cross sections (faces perpendicular to the
paper plane) of phosphor pieces 202a to 2024 having the
same characteristic are disposed close to each other. In the
second exemplary embodiment, four substantially-square
phosphor pieces are two-dimensionally arranged adjacently
to each other (vertical and horizontal directions), thereby
producing a substantially square phosphor 202. Each of
these phosphor pieces 1s a ceramic phosphor as a ceramic
plate made of an morganic material. On the face of phosphor
202 that 1s reverse to the excitation light incident face,
reflective layer 203 for retlecting the light having a wave-
length of fluorescent light 1s formed. Reflective layer 203 1s
fixed to spreader 204 having a high thermal conductivity via
adhesive layer 205. Heat sink 206 1s in close contact with the
face of spreader 204 that 1s reverse to the face having the
fixed phosphor pieces. In a portion of fixed phosphor device
201 where a part provided with phosphor 202 1s excluded,
a cooling means (not shown) may perform the heat dissi-
pation.

The spot size of the excitation light generated by con-
denser lenses 116 and 117 must be included 1n a range of
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phosphor pieces 202q to 2024. When the excitation light 1s
radiated to only the proximity of the center of phosphor 202,
however, temperature non-uniformity occurs in each phos-
phor piece. Therelore, 1t 1s the most desirable that the spot
of the excitation light 1s inscribed in the existing range of the
phosphor. The shape of the phosphor formed of a plurality
of phosphor pieces arranged adjacently to each other may be
a rectangular or circular shape (a non-square shape), for
example, 1n accordance with the spot shape of the excitation
light.

Fluorescent light generated by fixed phosphor device 201
1s also retlected by reflective layer 203 existing on the back
side, and 1s radiated to condenser lens 117 side. The subse-
quent behaviors are the same as those 1n phosphor lighting
device 100 of the first exemplary embodiment, so that the
descriptions are omitted.

By forming the fixed phosphor device 1n that manner, the
reliability and noise reduction can be achieved without
requiring a rotation component (except cooling fan), and
s1ze reduction can be achieved depending on the configu-
ration of a cooling means. Simplifying the configuration can
reduce the cost.

Phosphor pieces 202a to 2024 are fixed to spreader 204
via adhesive layer 205, and, actually, the thermal conduc-
tivity often decreases m this fixed part. However, in an
aggregate of the phosphor pieces that are small pieces apt to
release the stress strain as discussed above, the adhesive
layer does not require a stress absorption function. There-
tore, the adhesive layer can be formed 1n an extremely thin
shape.

Furthermore, 1t 1s desirable that spreader 204 1s made of
ceramic (silicon carbide or silicon mtride), which 1s a
material having a high thermal conductivity and a thermal
expansion coellicient close to that of the phosphor. The
thermal expansion coeflicients of both compounds are
equivalent to that of the phosphor, but the silicon carbide 1s
more preferable because 1t has a thermal conductivity close
to that of aluminum. These compounds can suppress the
occurrence of stress due to the difference in thermal expan-
sion coeflicient between the spreader and the phosphor.
Therefore, the thickness of adhesive layer 205 for bonding
phosphor pieces to the spreader can be suppressed. This
suppression reduces the temperature increase of the phos-
phor having been irradiated with the excitation light.
Depending on the operating temperature limit, the process-
ing can be performed even by means of diffusion bonding or
the like that does not require an adhesive layer In the
diffusion bonding, the bondmg 1s performed by diffusion of
atoms 1n the material in accordance with the pressure and
temperature. Therefore, differently from the case of using an
adhesive, the thermal conductivity 1s not adversely aflected,
and a more excellent heat-dissipation structure can be
achieved. In the case that the phosphor can be directly
formed on the ceramic spreader—even when the phosphor 1s
made of an iorganic material—, the phosphor can be
certainly produced without using a bonding and adhesive
means such as the diffusion bonding.

The adhesive layer can be replaced with a soldering or
silver brazing layer similarly to the first exemplary embodi-
ment. Furthermore, similarly to the first exemplary embodi-
ment, the characteristics of the adhesive layer, the positions
of the adhesive layer and reflective layer, and information
related to them can be changed. The characteristics, for
example, show that the adhesive layer has a reflective
characteristic or the adhesive layer 1s made of a light-
transmitting material.
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Here, phosphor lighting device 200 can be formed as a
lighting device and can generate white-color light. There-
fore, phosphor lighting device 200 can be applicable to not
only a projection display apparatus but also general lighting.
In phosphor lighting device 200, especially, the configura-
tion of phosphor wheel device 201 1s distinctive, and 1s not
limited to the optical path of the excitation light and 1s not
limited to the configuration range ifrom the phosphor wheel
device to the rod integrator.

In the above-mentioned configuration, spreader 204 and
heat sink 206 are disposed separately. However, a cooling
means may be disposed in spreader 204 to form one com-
ponent. That case eliminates the heat resistance on a close
contact face, and hence 1s advantageous 1n cooling.

In this case, the cooling means 1s set as a heat sink, but 1s
not limited to this. When a heat pipe or a heat receiving
portion of a liquid-cooling device 1s replaced with spreader
204, a greater input energy can be also handled.

Until now, the cooling portion 1s set at the face of spreader
204 that 1s reverse to the phosphor-piece fixed face. How-
ever, the peripheries or faces of the phosphor pieces that are
disposed on the phosphor-piece fixed face may be directly
cooled by a diflerent cooling means.

As discussed above, the exemplary embodiments have
been described as examples of the technology disclosed by
the present application. However, the technology disclosed
by the present disclosure 1s not limited to this, and can be
appropriately applied also to an exemplary embodiment
having undergone modification, replacement, addition, or
omission. A new exemplary embodiment may be produced
by combining the components described by the exemplary
embodiments.

INDUSTRIAL APPLICABILITY

The present disclosure can be applied to a lighting device
using a ceramic phosphor, and a projection display appara-
tus.

What 1s claimed 1s:

1. A projection display apparatus comprising: a lighting
device including: an excitation light source; a phosphor
configured to receive an excitation light from the excitation
light source and emit a fluorescent light; a spreader config-
ured to support the phosphor; and a reflective layer disposed
between the phosphor and the spreader, and configured to
reflect the fluorescent light, whereimn the phosphor 1s a
plurality of phosphor pieces disposed to be adjacent to each
other and having same characteristic, the spreader has a disk
shape, the plurality of phosphor pieces are disposed 1n a
circumierential direction of the spreader so as to form an
annular shape, and a motor 1s disposed 1n a center of the
spreader so that the spreader can rotate; a detector config-
ured to detect a rotation position of a butted portion disposed
between the plurality of phosphor pieces adjacent to each
other; an 1mage display element configured to modulate a
light outgoing from the lighting device 1in response to an
image signal, and to generate an 1mage light; and a projec-
tion lens Conﬁgured to enlarge and project the image light
generated by the image display element, wherein, based on
the rotation position of the butted portion detected by the
detector, at a timing at which the excitation light arrives at
the butted portion, an output of image display 1s changed to
suppress luminance change of the image light.

2. A projection display apparatus comprising: a lighting
device including; an excitation light source; a phosphor
configured to recerve an excitation light from the excitation
light source and emit a fluorescent light; a spreader config-




US 10,684,539 B2

9

ured to support the phosphor; and a reflective layer disposed
between the phosphor and the spreader, and configured to
reflect the fluorescent light, whereimn the phosphor 1s a
plurality of phosphor pieces disposed to be adjacent to each
other and having same characteristic, the spreader has a disk
shape, the plurality of phosphor pieces are disposed 1n a
circumierential direction of the spreader so as to form an
annular shape, and a motor 1s disposed 1n a center of the
spreader so that the spreader can rotate; a detector config-
ured to detect a rotation position of a butted portion disposed
between the plurality of phosphor pieces adjacent to each
other; an 1mage display element configured to modulate a
light outgoing from the lighting device in response to an
image signal, and to generate an 1image light; and a projec-
tion lens configured to enlarge and project the image light
generated by the image display element, wherein the light-
ing device mcludes a plurality of the spreaders, and wherein,
based on the rotation position of the butted portion detected
by the detector, a timing at which the excitation light arrives

10

15

at the butted portion of the phosphor 1s controlled so as to 20

change between the plurality of spreaders.
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